
1 | P a g e  
 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

4 

Waseem Abu Obeida 

Muhammad Abid 

Loai Al-zghoul 

 

 



2 | P a g e  
 

We knew that we have two types of deafness; one that resulted from 

damage to the neuronal part beginning from the hair cells up to any part 

of the central nervous system, or a type of deafness that is the result 

that the sound did not reach the neuronal cells due to a problem in 

conduction of sound waves to the cochlea. 

Deafness does not mean necessarily a complete loss of hearing, it 

could mean a decreased sensitivity to the hearing sensation. 

A patient comes in and he knows that he has deafness and you can 

easily recognize this simply by inducing any sound and observing if he 

hears it same as you do or not, assuming that you are the control. If you 

give any type of sound and he can’t hear it and you hear it normally, you 

know he has a problem. 

Usually, the first step in the test for the deafness is to know whether it is 

sensorineural or conductive. 

Conduction deafness and sensorineural deafness may have different 

causes, and therefore different tests may be used to diagnose these 

deficits, the first and the oldest method and still common is Rinne and 

Weber tests. 

 These tests take the advantage of the difference between conduction of 

sound through air and conduction of sound through bone. Sound waves 

conducted through air reach the cochlea in a higher amplitude than 

through bone; because waves conducted through air have to pass 

through the middle ear, which means they will be amplified as opposed 

to waves conducted through bone which surpass middle ear and reach 

cochlea directly.  

-To test air conduction, a vibrating tuning fork is held from the opening 

of the auditory canal. Hearing this sound means that the sound waves 

generated are passing through the external ear and the middle ear; 

disease or damage in these areas would result in decreased or lost 

hearing in this ear.  

-To test bone conduction, a vibrating tuning fork is placed directly on the 

skull. Perceiving these vibrations as sounds means that the sound 

(vibration) is transmitted directly to the cochlea of the inner ear and 

bypasses the external ear and the middle ear.  
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Both the Rinne test and the Weber test use these principles to 

differentiate conduction deafness from sensorineural deafness. 

- For the Rinne test (bone + air conduction), the tuning fork is placed 

against the mastoid process. The normal patient perceives the sound in 

the ear on that side, and after the sound is no longer perceived by bone 

conduction, the tuning fork is immediately moved to the auditory canal 

and the sound is again heard (air conduction). If the patient has 

conductive problem, the sound is perceived by bone conduction better 

than air conduction because something is blocking sound waves from 

reaching the cochlea. If the patient has sensorineural deafness, 

vibrations will be heard through air once bone conduction is over as long 

as nerve deafness is partial. Seems as a normal person, but down in the 

example below you will know how to differentiate between the two. 

For example, a patient comes in, we place the tuning fork on his mastoid 

to test bone conduction and we ask him, can you hear? He says yes, then 

you tell him whenever you stop hearing, give me a sign. When he stops 

hearing because the vibration intensity has decreased with time, you 

transfer the fork to air near the patient’s auricle so that sound waves are 

now being amplified by the middle ear. A normal person will hear in 

both situations. If the problem was sensorineural, no conductive 

problem, so a normal person and a sensorineural deaf patient both will 

have better air conduction than conduction through bone and will hear 

sound in both parts. The question now becomes: how to know if this 

patient has a neural problem or normal like you? The key to this answer 

is time, a sensorineural patient will stop hearing at a certain moment 

while you (the doctor) can still hear the sound. So it is not the fork that 

stopped vibrating, it is his problem that caused early cessation of sound. 

*when performing the bony part of the test, we flip the auricle to 

minimize the effect of sound waves conducted through air. 

Another complimentary test is Weber’s test, so still the main one and 

the one you chose if you have to choose between the two is Rinne. 

Webber’s test also depends on the idea that air conduction is better 

than bone, but also depends on the background noise. No matter the 

extent of silence in the room, you still have some background noise 

which will be compared to the vibrations through the fork. So the tuning 
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fork is placed on the midline of the skull or forehead thus making sure 

that vibrations are sent equally to both ears. In a normal patient, the 

sound (vibrations + background noise) is perceived about equally in both 

ears. But in conductive deafness, for example in the right ear, you will 

hear the sound normally by the left ear, but much higher in the diseased 

ear (right one) because there is no background noise (cannot be 

conducted) to mask some of the vibrations sent through bone. On the 

other hand, a sensorineural deafness in one ear will result in hearing the 

sound louder in the other ear, that is simply because sounds will be 

lower in all the situations in the ear with neural problem. 

A good summary from the slides:

 

 

When technology introduced us the audiogram, Rinne and Webber tests 

were set aside. 

-To determine the nature of hearing disabilities we use the audiometer. 

This instrument is an earphone connected to an electronic oscillator 

capable of emitting pure tones ranging from low frequencies to high 

frequencies. In the past, we used different forks with different 

frequencies in Rinne and Webber but also we had too much overlap, so 

this feature of the audiogram solved this issue. In performing a hearing 

test using an audiometer, one tests different frequencies covering the 

auditory spectrum (20Hz-20kHz), and the hearing loss is determined for 

each of these frequencies, then the so called audiogram is plotted. 
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The audiogram is a graph illustrating a person's hearing capabilities and 

the amount of hearing loss that an individual has for each ear. The graph 

represents the relation between the frequency of the voice (Hertz) and 

the degree of loudness or intensity (decibels).  

We perform the audiogram test in a silent room, we apply different 

frequencies to the patient for each ear, for example; we start with 1 kHz 

and increase the frequency gradually, and we plot each frequency with 

the degree of loudness (decibels). 

The audiometer is equipped with an earphone for testing air conduction 

and with a mechanical vibrator for testing bone conduction. 

-We notice from the figure below that the normal person shouldn’t need 

more than 20 decibels to hear the sound, and other ranges for hearing 

loss are categorized according to the increase of decibels above 20.  

 

Don’t memorize categories of severity of loss, just understand the 

concept.   

Besides using the audiogram to determine the severity of hearing loss 

we can also determine the type of hearing loss (conductive or sensory 

neuronal). 
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-Now let’s examine some possible audiogram charts. 

1-In a normal person. 

 

As we notice from the figure above, both ears hear with 20 dB or less at 

all frequencies. 

2-  

 

*brackets represent bone conduction, and (X) and (O) represent air 

conduction. Each color for each ear. 

As we can see, the patient exceeded the 20 dB limit, so he has a 

problem. 

-Sensorineural or conductive? 

Conductive, because bone conduction is normal. 
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-Which ear is diseased?  

Both ears, because both exceeded the 20db limit in air conduction. 

So, moderate conductive deafness in both ears. 

 

3- 

 

Assume (X) for the right ear and (O) for the left ear.  

Diagnosis: Both ears diseased, the left being more severe. Sensorineural 

deafness. The problem at high frequencies. 

Extra: if you are curious and want to be more accurate, he has some 

mild conductive problem because air conduction was not better than 

bone, as you can notice that (x) and (o) were below bone conduction 

symbols. Also, the high amplitude might play a role in this observation. 

So it is not a simple decision. I asked doctor about it and he said forget 

about it. Just know and understand the information in the diagnosis 

above. 
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The vestibular system: 

The vestibular system is a sensory system that is essential to normal 

balanced movement and equilibrium. 

In the inner ear there are two structures: 

1-Cochlea; which is responsible for hearing.  

2-The vestibular part which is called *Labyrinth; which is important in 

the vestibular system which will give information about position and 

body movement.  

*the labyrinth actually is of two types; bony and membranous and both types are found in the cochlea and the vestibular part 

of the inner ear. But go with the doctor and assume that the labyrinth is the second part of the inner ear in addition to the 

cochlea. 

The labyrinth 

-It consist of five parts:  

3 semicircular canals situated in three different axes (X, Y, Z), and they 

are lateral, anterior and posterior semicircular canals. At the end of each 

semicircular canal there is a dilation called the ampulla.  



9 | P a g e  
 

The other two parts are bulges in the base of the labyrinth called 

“utricle’ ’and “saccule’’. The difference is that the Saccule is almost 

vertical.   

Inside the labyrinth we have a fluid similar to the one in the cochlea 

(endolymph and perilymph). Inside the ampulla of the semicircular 

canals and in the utricle and saccule there is a gelatinous membrane, 

beneath it there are hair cells similar to the hair cells in the cochlea 

which are responsible for hearing.  

The hair cells have hair extensions and have mechanical gated ion 

channels and have a baseline firing, bending them will open the 

mechanical doors more and frequency of action potential will increase. If 

we bend them to the opposite side these doors will close and graded 

potential will decrease and in this case there will be a decrease in the 

frequency of action potential.  

The vestibular system is responsible for detection and calculation of 

body and head movement and position in all directions. The five parts of 

the labyrinth is responsible for detection of this movement, each part 

has its own role. 

1-The semicircular canals: 

The semicircular canals for the rotational movement of the head. So if 

you turn your face from right to left there is a rotational movement and 

the fluid will move in one of the semicircular canals and go to the 

ampulla and push the gelatinous membrane which will bend the hair 

cells and increase baseline firing, then through neurons, this will be sent 

to the CNS and deal with it in a certain way as we will see later on. 

2-The utricle and saccule:  

In the utricle and the saccule there is also a gelatinous membrane called 

otolithic membrane. This membrane was designed to be sensitive to 

movement against gravity. To achieve this goal, this membrane has to be 

heavier, so something was added on the top of this membrane, these 

structures are called otoliths which are deposits of calcium particles.  

In the utricle, the orientation is almost flat, so if you tilt your head, 

gravity will bend the gelatinous membrane and hair cells, same in 
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nodding, driving an accelerating, and decelerating vehicle. All these 

situations will ignite a neuronal signal.  

The saccule is more vertical in position than the utricle, so the saccule 

detects vertical movements such as jumping, sitting, riding an elevator, 

etc... 

 

The vestibular pathway: 

All of these types of movements detected by the labyrinth will turn into 

a signal that will be sent to be processed by the CNS. 

First order neuronal cell bodies are found in the vestibular ganglia, then 

axons will continue through 8th nerve until reaching the CNS, there it 

enters the brain stem and synapses with the vestibular nuclei. 

We have 2 vestibular systems, one in each ear, each one of them when I 

rotate my head will have a movement in it. The vestibular system, 

especially the semicircular canals, are arranged in all three directions so 

that any type of rotational movement in any direction will cause 

movement of the fluid. The body uses this system for its advantage and 

compares between both sides so that it knows what type of movement 

the head is performing, and the direction too. 

For example, if I move my head from right to left, in which ear there will 

be movement? Both (the lateral semicircular canals in this situation). 
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Which one has a stronger movement? Both will be the same, it is just 

the opposite direction. So to be more sensitive to the direction of 

movement, the type of rotation, clock wise or counter clockwise, 

depends of which canal has the movement, but also the vestibular 

system arranged itself in both ears opposite direction, so that hair cells 

are arranged oppositely so that when I rotate my head to the left, cilia of 

hair cells in the left ear will bend toward big cilia and cause opening of 

channels and cause firing and excitation, on the right side, cilia of hair 

cells will bend toward the small cilia and cause close in the channels and 

cause inhibition, the brain when sees a movement in the lateral canal 

and there is a difference between the two, the left being more than the 

right and at higher firing rate, knows I am moving to which direction(left) 

and that I am rotating counter clock wise. Exactly happens when I rotate 

to the opposite side. This applies to all types of movement so that the 

body can interpret and know which direction and type of movement. 

Another example, tilting to the right side or left side will cause the 

utricle to bend to the side of firing, although hair cells in utricle and 

saccule have complex arrangement but still the body needs to compare 

between the right and the left.  

This signal will move from the hair cells to the synapsing axons of 

neurons to neuronal cell bodies in the vestibular ganglia. This signal will 

be conducted in the 8th cranial nerve (the vestibulocochlear nerve) to 

the brain stem. In the brain stem they will synapse with vestibular 

nuclei. From the vestibular nuclei to the thalamus then to the vestibular 

cortex (the conscious pathway). 

The most important vestibular nuclei in the thalamus are the pulvinar 

and the ventrolateral nucleus. From there the signal will go to different 

destinations in the vestibular cortex. 

The most important three of these vestibular cortices:  

1. The insular area.  

2. The posterior parietal cortex (area 5 and 7).  

3. Area 2 and 3 in the somatosensory cortex. 

This part of vestibular pathway is called the conscious pathway which is 

responsible for awareness about position and body movement and 

status. 
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Besides the vestibular cortical pathway (the conscious pathway), there is 

the vestibular subcortical pathway which gives the unconscious pathway 

and the quick reflexes that keep you balanced or other functions as we 

will see. 

There are four important destinations in this pathway, starting from the 

vestibular nuclei to: 

-The first target is the vestibulospinal tract. From vestibular nuclei 

to different levels of the spinal cord to control the motor neurons 

that supply muscles, mainly the trunk or core muscles. This tract is 

very important to keep you balanced. For example, when you are 

climbing stairs, a quick reflex orders contraction of muscles to tilt 

your body towards the leg that is on the ground so you don’t fall. 

- The second target is the accessory nucleus to control the neck 

muscles through the accessory nerve (the sternocleidomastoid 

and trapezius muscles). This might help in preventing your head 

from crashing on the ground when you fall for example.  

-The third destination is the cerebellum (for coordination and 

balance). *when we study cerebellum we will see how it receives much input 

from the vestibular system and see how it will use it as part of its function. 

-The fourth destination is the nuclei of eye movement. The 

vestibular system can unconsciously move your eyes opposite to 

your body movement, that’s why you can look at your friend and 

talk to him while you are walking downstairs. As you notice from 

the figure below, some neurons of the vestibular nuclei synapse in 

the oculomotor, trochlear, and abducent motor nuclei that control 

the extraocular muscles of the eye. The vestibular system gives 

orders for these nerves to move the eye opposite to the direction 

of the body. If you lower your head, your eyes will move upward 

and when you move your head to the left your eyes will go to the 

right. This compensatory reflex helps in keeping your gaze (visual 

field) fixed on the object of interest while the head is moving. 

When you reach the point where your eyes can’t move any 

further to keep its focus on an object, it returns back to the center 
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 Quick recap: when you move your head from right to left, excitation 

(firing) will increase in the left side and decrease in the right. This 

difference in firing will reach all destinations; it will reach to the muscles 

to turn on the reflex that will keep you balanced, it will reach the areas 

of the cortex (like the posterior insular and parietotemporal regions) 

that are responsible for informing you about your position in relations to 

things around you in cooperation with your vision. Also, it will reach the 

motor nuclei of the eye “as we explained before” to move the eyes to 

the right.  

This mind map illustrates destination of fibers from the vestibular nuclei. 

Don’t memorize the extra info.   
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Damage of the vestibular system: 

 Normally, when you are not moving, both sides will give the same 

baseline firing. When you move your head to the left, firing from the left 

will increase and firing from the right will decrease and so on.  

If someone has a problem in the right side (damage or cut in the right 

vestibular branch for example), there will be no firing going from the 

right side to the CNS (almost zero). Since the left side is still normal, it 

will still send baseline firing to the CNS. So the CNS is receiving higher 

firing from the left side compared to the right. The CNS will think that he 

is moving from right to left. The patient in this case will present to you 

with the feeling that he is spinning or the room is spinning around him 

ي  حاس حالي بلف بالدنيا أو حاس الدنيا بتلف في  . This is what is called vertigo.  

 Signs and symptoms of vestibular system damage: 

a. Any damage of the vestibular system either on the sensory level, 

the apparatus, labyrinth or the nerve will cause vertigo. The most 

common cause is Meniere's disease (described below). 

b. Here, the CNS is receiving information that you are turning you 

head to the left for example, as a reflex it will try to move you to 

the right. That's why the patient is easier to fall and imbalanced.  

c. Lastly, the eyes will receive orders to move to the right (in our 

example), when they reach the end of the visual field it will return 

fast to the center. So, the eyes will first move slowly to the right 

(or left) till the end then return fast and so on. This movement 

(slow shifting → beating back to center) is called nystagmus. 

Nystagmus happens at rest or in certain positions.  

If you would like to see it in real life, you can ask a child to spin a few 

times then make him stop and look at his eyes. The movement that 

you will see is what is called nystagmus.  

Meniere's disease is an inner ear disease characterized by increased 

fluid in the labyrinth, this means that pressure inside the labyrinth is 

high, so the movement will be abnormal and hard. 

 

 

 



15 | P a g e  
 

Symptoms include:  

 Vertigo 

 Nystagmus at certain position or movement (positional 

nystagmus) 

 Nausea 

 Vomiting 

 Tinnitus due to increased pressure inside the cochlea. 

Treatment is decreasing the fluid by decreasing sodium and salt 

control and diuretics, but unfortunately, doesn’t always resolve and 

sometimes we have to give alternative types of diuretics. We will 

take the details in medicine. 

 

Vertigo vs dizziness:  

Dizziness: non-specific term I can feel that I am dizzy. 

Vertigo: a specific term for vestibular problem.  حاس حالي بلف بالدنيا او

ي   حاس الدنيا بتلف في 


